Abstract -In this paper, we present a new method for control of linear RLC ladder oscillator circuits by means of energy. If the linear RLC ladder circuit is controlled by energy, system is nonlinear and therefore for order higher than 2, system can be also chaotic. The mathematical derivation and results of simulations are presented in this paper.
INTRODUCTION
Suppose n th order RLC (resistor, inductor and capacitor) ladder structure with ideal inductors and capacitors containing only one dissipation resistor R L1 and one controlled negative-positive resistor R N . The ladder structure can be described by set of first order differential eq. 
To make it easier, values L i and C i are equal 1. The system also contains currents sensors (for measuring currents flows through inductors) and voltages sensors (for measuring voltages on capacitors). Sensors are connected to energy evaluation block (see Fig. 1 ) where energy is calculated as ( )
Prescribed energy is E P and simple proportional control is based on eq. (2) as ( )
where k 1 is gain of the proportional controller. If E P >E LC resistor R N is negative and system is antidissipative (unstable), if E P <E LC resistor R N is positive and system is dissipative (stable). The generalized system according by eq. (1) can be described in state space as
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where A, B, C, (D=0) are 
where A is system matrix, B is input matrix and C is output matrix. In A matrix, α 1 is dissipation parameter, ω i are frequencies and ρ i are coupling parameters.
The characteristic polynomial of A, denoted by P(s), is the polynomial defined by
where I denotes the n-by-n identity matrix. In all oscillators α 1 is controlled according (3) but all other α are dissipative constant parameters [5] [6] [7] [8] [9] [10] [11] .
II. LADDER OSCILLATORS
On the beginning, the 2 nd order ladder oscillator is simulated. Energy of the oscillator is controlled according eq. (2) and (3) and is split equally on x 1 and x 2 state variables, see For the 4 th order oscillator and k 1 <≈0.15 the state space signals are sinusoidal, but energy distribution is nonuniform, see Fig. 4 . If the value of k 1 is increased, signals are nonsinusoidal which is shown in Fig. 5 (for k 1 =0.5) but energy distribution is the same as in Fig. 4 . 
Time evolution of energy in ladder oscillator (for prescribed energy = 10) and energy distribution are displayed in Fig. 7 Time evolution of state space signals are (after transition time) sinusoidal, which is displayed in Fig. 8 (k 1 =0.5, dissipation parameters are 0.03). There are 9 periods of signals in Fig. 8 . The frequency, derived from zero crossing of state space variable x 1 for every period is shown in Fig. 9 and its look like that after transition time frequency is ≈0.1 Hz. 
The transfer function derived from (10) Fig. 10 (It is important to note that peaks of frequencies are significant only for small dissipation in system). The ladder oscillator starting from low initial conditions [0.1 0 0 0.1] and low k 1 (0.5) oscillates on lower frequency, therefore 0.098 Hz. th order ladder oscillator was also simulated. The time evolution of state space variables of 6 th order ladder oscillator without dissipations is displayed in Fig. 15 and energy distribution in shown in Fig. 16 . In this paper the ladder oscillators controlled by energy was simulated and described. All oscillators are controlled by one positive/negative resistor, which can be easily constructed by operational amplifier. It was shown that linear systems controlled by nonlinear controller can be chaotic, but dissipation can remove chaotic behavior and change it on periodic. Oscillators can be easily constructed as digital systems. The distribution of the energy in the system is interesting and will be studied in next works.
